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(57) ABSTRACT

A fiberglass reinforced lightweight heavy-duty ladder, and
method of making the same, is presented. The method
includes impregnating rovings with a resin system and form-
ing the impregnated rovings into a set of rails having a center
portion, a left sidewall portion, and a right sidewall portion,
where the left sidewall portion and the right sidewall portion
each have an article roving density at least 10% greater than
that of the center portion.

11 Claims, 10 Drawing Sheets
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1
FIBERGLASS REINFORCED PLASTIC
LIGHTWEIGHT HEAVY-DUTY LADDER AND
METHOD OF MAKING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 61/714,577, filed Oct. 16, 2012, titled
“Fiberglass Reinforced Plastic Lightweight Heavy-Duty
Ladder and Method of Making Same” the entire contents of
which are hereby incorporated by reference herein, for all
purposes.

TECHNICAL FIELD

The present invention relates to fiberglass reinforced light-
weight articles and more particularly to lightweight ladders
incorporating fiberglass reinforced lightweight articles. The
present invention further relates to a method of making fiber-
glass reinforced lightweight articles and more particularly to
aprocess for making lightweight ladders incorporating fiber-
glass reinforced lightweight articles.

BACKGROUND OF THE INVENTION

Fiberglass reinforced materials, such as fiberglass rein-
forced plastic, fiber-reinforced plastic, and fiber-reinforced
polymer, have long been used in a number of commercial and
consumer applications. Among other attributes, fiberglass
reinforced materials have a high strength to weight ratio, are
relatively inexpensive, non-conductive, and non-corrosive.
As such, components made from fiberglass reinforced mate-
rials are commonly found in vehicles, such as automobiles,
boats and planes; pipes formed from fiberglass reinforced
materials are used in many industrial processes; and fiber-
glass reinforced materials are used in structural applications,
where it is commonly used to strengthen concrete and steel
beams.

One common use for fiberglass reinforced materials is in
the manufacture of ladders and other climbing products. Lad-
ders are generally manufactured from wood, aluminum,
fiberglass reinforced materials, or a combination thereof. The
choice of ladder material depends on the intended use, the
weight of the ladder, and cost. For example, wood ladders
have significant variations in quality and are more susceptible
to moisture and the elements as compared to aluminum and
fiberglass ladders. Ladders constructed of aluminum are
strong, durable, and lightweight, but conduct electricity. Lad-
ders constructed from fiberglass reinforced materials, in addi-
tion to being strong and durable, are non-conductive. Prior art
fiberglass reinforced ladders, however, are heavier than
equivalent aluminum ladders (i.e., those having the same
shape, size, and rating).

Because aluminum conducts electricity, aluminum ladders
cannot be used near power lines or electrical wiring. As such,
non-conductive fiberglass reinforced ladders are commonly
used in these situations. However, traditional fiberglass rein-
forced ladders typically weigh 15% to 20% more than an
equivalent aluminum ladder. This additional weight is unde-
sirable and is a burden to the individuals transporting and
using the ladder. For example, power company, cable com-
pany, and telephone company workers must load and unload
the heavier fiberglass reinforced ladder for each installation
or work assignment. In some cases, the heavier weight of the
fiberglass reinforced ladder can contribute to fatigue or inju-
ries.

Fiberglass reinforced ladders are traditionally manufac-
tured by a pultrusion process. Prior art pultrusion processes
involves impregnating reinforcing material with a resin,
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2

forming the resin coated reinforcing material into the desired
shape with a die and curing the resin by the addition of heat.

Techniques have been developed to reduce the weight of
fiberglass reinforced ladders made by prior art pultrusion
processes. One such technique involves cutting a series of
holes at regular locations along the length of the ladder rails.
Theseholes are in addition to the holes formed for the purpose
of mounting the rails. The reduction of material results in a
reduction in the overall weight of the ladder. Companies,
however, often label the ladder rails with the company name,
atrademark, logo, or other content. The holes, while reducing
weight, inhibit such labeling. The holes also introduce other
problems, such as (i) reducing the structural integrity of the
ladder, which can, over time, lead to a failure under load
resulting in bodily injury or property damage, (ii) increasing
cost as a result of the additional step in the manufacturing
process to produce the holes, and (iii) increasing the com-
plexity in the manufacturing process to properly align the
holes so the rungs can be attached.

Accordingly, it would be an advance in the state of the art
to develop a process to make a lightweight fiberglass rein-
forced ladder that can be made using traditional pultrusion
manufacturing equipment and that has a weight near, or less
than, that of an equivalent aluminum ladder, while retaining
the shape, appearance and structural integrity of a fiberglass
reinforced ladder made using traditional processes.

SUMMARY OF THE INVENTION

A method of making a lightweight heavy-duty ladder is
presented. The method includes impregnating rovings with a
resin system and forming the impregnated rovings into a set
of rails. Each rail comprises a center portion, a left sidewall
portion, and a right sidewall portion. The left sidewall portion
and the right sidewall portion each have an article roving
density at least 10% greater than that of the center portion.
The method further comprises attaching a plurality of rungs
between the set of rails.

A lightweight heavy-duty ladder is also presented. The
ladder includes a set of rails. Each rail comprises a center
portion, a left sidewall portion, and a right sidewall portion. A
plurality of rovings, running longitudinally down the length
of each rail, are embedded within each rail. The left sidewall
portion and the right sidewall portion each have an article
roving density at least 10% greater than that of the center
portion. The ladder further comprises a plurality of rungs
disposed between the set of rails.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary embodiment of a lightweight
heavy-duty ladder formed from Applicant’s process;

FIG. 2 is a schematic diagram of an exemplary pultrusion
process for making Applicant’s fiberglass reinforced light-
weight plastic;

FIGS. 3(a) and 3(b) are drawings of exemplary upper and
lower guide plates used in Applicant’s pultrusion process to
arrange roving material;

FIGS. 4(a) and 4(b) are drawings of exemplary upper and
lower guide plates showing the number of rovings at each
location for a 118 roving pultruded article;

FIGS. 5(a) and 5(b) are drawings of exemplary upper and
lower guide plates showing the number of rovings at each
location for a 110 roving pultruded article;

FIGS. 6(a) and 6(b) are drawings of exemplary upper and
lower guide plates showing the number of rovings at each
location for a 94 roving pultruded article;

FIGS. 7(a) and 7(b) are drawings of exemplary upper and
lower guide plates showing the number of rovings at each
location for a 90 roving pultruded article;
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FIGS. 8(a) and 8(5) are drawings of exemplary upper and
lower guide plates showing the number of rovings at each
location for a 50 roving pultruded article;

FIG. 9 is a diagram showing the arrangement of reinforce-
ment components at one stage of one embodiment of Appli-
cant’s pultrusion process;

FIG.10(a)is a cross section of an exemplary article formed
by Applicant’s pultrusion process;

FIG. 10(d) is a drawing across cross section AA of FIG.
10(a) for a 7 layer pultruded article; and

FIG. 10(c) is a drawing across cross section AA of FIG.
10(a) for a 9 layer pultruded article.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

Applicant has developed a pultrusion process for manufac-
turing lightweight fiberglass reinforced plastic. In certain
embodiments, Applicant’s process results in a pultruded
article having a non-uniform distribution of rovings along the
transverse cross section of the pultruded article. Selectively
strengthening the curved and/or sidewall portions of the pul-
trusion (for C-channel articles) by including additional rov-
ings at select locations enables the creation of pultrusion
articles that are lighter than articles produced by prior art
processes. In various embodiments, Applicant’s process
involves the use of a filler-free resin system and/or a resin
system comprising microspheres. Applicant’s process results
in a fiberglass reinforced ladder with a weight equivalent to,
or less than, that of an aluminum ladder having substantially
the same size and shape, but with the strength and appearance
of a traditional fiberglass ladder. Applicant’s process also
enables the production of lightweight articles using the same
equipment used in traditional pultrusion processes.

The lightweight plastic made from the various embodi-
ments of Applicant’s process as described herein can be used
to make any type of ladder. It is, however, particularly desir-
able to reduce the weight of heavy-duty ladders as those types
of'ladders have the greatest weight. As such, the plastic result-
ing from Applicant’s process is particularly useful in creating
lightweight heavy-duty ladders and other types of large and/
or heavy capacity ladders.

Referring to FIG. 1, an exemplary lightweight ladder 100
produced by Applicant’s process is depicted. Although ladder
100 has the same general appearance as a typical ladder made
from conventional pultrusion processes, ladder 100 weighs
significantly less.

Table 1 below provides a comparison of various embodi-
ments of Applicant’s Type 1A (300 pound rated) ladder as
compared to existing Type 1A ladders made from traditional
aluminum and prior art fiberglass processes.
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weigh between 17 percent and 27 percent less than prior art
ladders. In addition, the Type 1A ladders produced by Appli-
cant’s lightweight fiberglass reinforced material weigh
between 5 percent and 10 percent less than traditional alumi-
num ladders.

To form one embodiment of a lightweight ladder 100, long
C-channel sections are created by Applicant’s pultrusion pro-
cess and cut to the desired length to form rails 102/104 and
106/108. In one embodiment, a hole 112 is punched every 12
inches along the length of the rails 102/104 and 106/108. A
plurality of rungs 110 are disposed between a pair of rails and
aligned with corresponding holes 112 on each rail. The rungs
110 are disposed within the holes 112 and fastened to the rails
102/104 and 106/108 using a rung to rail assembly or a
clamping machine (for aluminum rungs) or glue (for fiber-
glass rungs). In one embodiment, the rungs 110 are formed
from aluminum. In other embodiments, the rungs 110 are
formed from wood or a reinforced synthetic material.

In another embodiment, each end of each rung 110 is
attached to one side of a plate. The opposite side of the plate
is attached to a rail. In this embodiment, the rungs 110 are
attached to the rails 102/104 and 106/108 without the need to
form mounting holes 112.

In different embodiments, the ladder 100 is a Type I1I (with
aloadrating 0200 Ibs), Type II (with a load rating 0225 Ibs),
Type I (with a load rating of 250 1bs), Type IA (with a load
rating 0f 300 Ibs), Type IAA (with aload rating of 375 Ibs), or
a special duty ladder (with a load rating of 500 1bs). In some
embodiments, the ladder 100 is a step ladder, a trestle ladder,
a shelf ladder, a platform ladder, a single ladder, a combina-
tion ladder, or an extension ladder.

In one embodiment, the rails 102/104 and 106/108 com-
prise between 2 and 4 fiberglass mats and a plurality of
rovings integrated in a plastic resin system. The plurality of
rovings are non-uniformly distributed transversely along the
cross section of each rail. The particular distribution of the
rovings are selected based on the final cross section of the
pultruded article to strengthen the portions of the rail that are
subject to the greatest stress during normal use.

In one embodiment, the resin system used to form rails
102/104 and 106/108 is filler-free (i.e., contains no filler
material or an insignificant amount of filler material). An
example of filler material is calcium carbonate. In one
embodiment, the resin system comprises between 0 and 10
weight percent filler, the exact percentage selected based on
the desired strength to weight ratio of the rail. In one embodi-
ment, the resin system comprises up to 10 weight percent
hollow microspheres, the exact percentage selected based on
the strength to weight ratio of the rail.

TABLE 1
Applicant’s Reduction in
ladders weight of
Priorart  incorporating Applicant’s Traditional  Reduction in weight of
Ladder fiberglass lightweight ladder compared  aluminum Applicant’s ladder
Size ladders fiberglass to prior art ladders compared to traditional
(feet)  (pounds) rails (pounds) fiberglass ladder (pounds) aluminum ladder
16 37 27 27% 30 10%
20 42 34 19% 36 6%
24 52 42 19% 44 5%
28 60 50 17% 55 9%

As shown in Table 1 above, the Type 1A ladders produced
by Applicant’s lightweight fiberglass reinforced material

65

Referring to FIG. 2, a schematic diagram 200 of one
embodiment of Applicant’s pultrusion process is depicted. A
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cabinet 202 holds a plurality of roving spools. In one embodi-
ment, each roving is formed from a bundle of a plurality of
individual fiberglass filaments. In various embodiments, the
rovings used in Applicant’s process have a size of between 90
to 450 linear yards per pound. In one embodiment, the rovings
used have a size of 113 linear yards per pound.

A plurality of roving sets 214 and 216 from the plurality of
spools is fed into a guide assembly 218. The guide assembly
218 comprises an upper guide plate 220 and a lower guide
plate 222. A first set of rovings 214 is fed into the upper guide
plate 220. A second set of rovings 216 is fed into the lower
guide plate 222. The guide assembly 218 keeps the rovings
aligned and prevents the rovings from becoming tangled.

A plurality of rovings 226 and 224 are fed into a second
guide assembly 250. The guide assembly 250 comprises an
upper guide plate 228 and a lower guide plate 230. The
rovings 226 are fed into guide plate 228 and the rovings 224
are fed into guide plate 230.

A first fiberglass mat 236 is fed from a spool 266 into the
guide assembly 250. In various embodiments, the fiberglass
mat 236 comprises a continuous filament fiberglass sheet
with a weight of between about 0.75 and about 3 oz. The guide
assembly 250 aligns the rovings 226, the rovings 224, and the
fiberglass mat 236 for the next step in the process.

A second fiberglass mat 248 is fed from a spool 204 and
over roller 238. In various embodiments, the fiberglass mat
248 comprises a continuous filament fiberglass sheet with a
weight of between about 0.75 and about 3 oz.

A first veil 246 is fed from spool 206, over roller 238 where
it contacts fiberglass mat 248. In various embodiments, the
veil 246 is dyed, printed, transfer coated or pigmented to add
aesthetic features to the rail. In various embodiments, the veil
246 is made from polyester, glass, paper or other materials
known by those skilled in the art.

A third fiberglass mat 244 is fed from a spool 208 and over
roller 252. In various embodiments, the fiberglass mat 244
comprises a continuous filament fiberglass sheet with a
weight of between about 0.75 and about 3 oz.

A second veil 242 is fed from spool 210, over roller 252
where it contacts the fiberglass mat 244. In various embodi-
ments, the veil 242 is dyed, printed, transfer coated or pig-
mented to add aesthetic features to the rail. In various embodi-
ments, the veil 242 is made from polyester, glass, paper or
other materials known by those of ordinary skill in the art.

The rovings 232, rovings 234, the fiberglass mat 236, the
fiberglass mat 248, the fiberglass mat 244, the veil 246, and
the veil 242 are fed into a resin bath assembly 254. The resin
bath assembly 254 comprises an upper guide plate 256 and a
lower guide plate 258. The rovings 232 are fed into the resin
bath 254 through the upper guide plate 256 and the rovings
234 are fed into the resin bath 254 through the lower guide
plate 258. Liquid resin is fed into the resin bath 254 as indi-
cated by arrow 264. The resin soaks into and impregnates the
rovings, fiberglass mats, and veils. Embodiments of various
resin systems used in Applicant’s process are provided in
Table 2 below.

TABLE 2

Exemplary Resin Systems

Resin System Component Weight Percentage

Polymer about 80% to about 95%
Microspheres 0% to about 10%

Filler 0% to about 10%
Additives about 4.9% to about 5.4%
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The polymer component comprises the largest percentage
of the resin system. In various embodiments, the polymer
component is polyester, vinyl ester, acrylic, epoxy, urethane,
acrylate, or a combination thereof.

The microsphere component is an additive that comprises
hollow micron sized spheres that reduce the overall weight
(by volume) of the resin system. In various embodiments, the
microspheres have a mean size between about 50 to about 90
microns and a density between about 0.08 to about 0.48
g/em’.

The filler component is an additive typically used to reduce
the cost of the rail. In various embodiments, the filler is
calcium carbonate, aluminum silicate, or a combination
thereof.

In one embodiment, the additive component comprises a
texture additive, UV stabilizer, mold lubricant, pigment, and
initiator, although other additives known in the art may be
used.

Texture additives are known in the art to improve surface
smoothness and controls shrinkage. In one embodiment, the
texture additive is a polymer mixture comprising unsaturated
polyester and styrene and makes up about 0.9 weight percent
of the resin system.

UV stabilizers, or light stabilizers, are known in the art to
protect the polymer in the final pultruded article from degra-
dation due to exposure to sunlight. In various embodiments,
the UV stabilizer makes up about 0.4 weight percent to about
0.6 weight percent of the resin system.

Mold lubricants are known in the art to aid the pultrusion
process. In various embodiments, the mold lubricant com-
prises organic phosphate esters and fatty acids and makes up
about 0.9 weight percent of the resin system.

Pigment additives are known in the art to add color to the
final pultruded product. In various embodiments, the pigment
additive makes up about 1.7 weight percent to about 2 weight
percent of the resin system.

Initiator additives are catalysts known in the art to accel-
erate hardening of the resin during the curing step. The choice
of'initiator will depend on the particular polymer used. In one
embodiment, the initiator makes up about 1 weight percent of
the resin system.

In some embodiments, the resin system is filler-free and
comprises 94 weight percent polyester polymer and 6 weight
percent additives. In one embodiment, the additive comprises
18 weight percent texture additive, 9 weight percent UV
stabilizer, 18 weight percent mold lubricant, 34 weight per-
cent pigment, and 21 weight percent initiator.

In some embodiments, the resin system has a low filler
content and comprises 89 weight percent polyester polymer,
6 weight percent calcium carbonate filler, and 5 weight per-
cent additives. In one embodiment, the additive comprises 18
weight percent texture additive, 9 weight percent UV stabi-
lizer, 18 weight percent mold lubricant, 34 weight percent
pigment, and 21 weight percent initiator.

In some embodiments, the resin system comprises 85
weight percent polyester polymer, 7 weight percent micro-
spheres, 3 weight percent filler, and 5 weight percent addi-
tives. In one embodiment, the additive comprises 18 weight
percent texture additive, 9 weight percent UV stabilizer, 18
weight percent mold lubricant, 34 weight percent pigment,
and 21 weight percent initiator.

The resin-impregnated component stack, consisting of the
rovings, mats and veils, exit the resin bath 254 through the
pre-forming guide plate 268. In one embodiment, the resin-
impregnated component passes through a series of forming
dies 270, 272 and 274. The forming dies 270, 272, 274 shape
the resin-impregnated component stack before the stack
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passes into the curing assembly 212. In this embodiment, the
resin-impregnated component stack has the cross section 276
after passing through forming die 270, the cross section 278
after passing through forming die 272, and the cross section
280 after passing through forming die 274.

After the material is formed, the curing assembly 212 heats
the resin-impregnated component stack to cure the resin. In
different embodiments, the shaped stack is heated to between
about 250° F. to about 400° F. During heating, the resin in and
around the fiberglass mats, rovings, and veils undergoes poly-
merization to form a polymer matrix. The hardened fiberglass
reinforced polymer article 262 emerges from the curing
assembly 212.

The rovings, mats, veils, and resin are pulled through the
process by a force applied to the article 262, which pulls the
material from the various spools and through the resin bath
254 and curing assembly 212 as indicated by arrow 260.

Referring to FIG. 3(a) a drawing of an exemplary upper
guide plate 300 used to direct the rovings into a resin bath is
depicted. The upper guide plate 300 is represented on FIG. 2
as guide plate 256. A plurality of holes 302 are formed in the
guide plate 300. In one embodiment, the holes 302 are
arranged in two horizontal rows that are staggered relative to
each other. One or more rovings are fed into each of the
plurality of holes 302. The holes align each roving and guide
it into a particular position along the width of the pultruded
material.

Rovings that pass through holes to the left of dashed line
304 will form part of the left sidewall of the pultruded article,
as depicted by portion 1008 in FIG. 10(a). Rovings that pass
through holes to the right of dashed line 306 will form part of
the right sidewall of the pultruded article, as depicted by
portion 1002 in FIG. 10(a). Rovings that pass through the
holes between dashed line 304 and dashed line 308 will form
the left corner portion of the pultruded article, as depicted by
portion 1010 in FIG. 10(a). Rovings that pass through the
holes between dashed line 306 and dashed line 310 will form
the right corner portion of the pultruded article, as depicted by
portion 1006 in FIG. 10(a). Rovings that pass through holes
between dashed line 308 and dashed line 310 will form the
center portion of the pultruded article, as depicted by portion
1004 in FIG. 10(a).

Referring to FIG. 3(b), a drawing of an exemplary lower
guide plate 350 used to direct the rovings into a resin bath is
depicted. The lower guide plate 350 is represented on FIG. 2
as guide plate 258. Guide plate 350 is similar to guide plate
300, in that rovings that pass through holes 352 to the left of
354 and to the right of 356 will form part of the left sidewall
and right sidewall, respectively, and the rovings that pass
through holes 352 between 354 and 356 will form the center
portion of the pultruded article. Guide plate 350 is, however,
in this embodiment, narrower and contains fewer holes than
guide plate 300. The rovings that pass through guide plate 350
will form the interior portion of the formed pultruded article
(i.e., along the concave portion of the C-channel member
depicted in FIG. 10(a)). Whereas the rovings that pass
through the guide plate 300 will form the outer portion of the
formed pultruded article (i.e., along the convex portion of the
C-channel member depicted in FIG. 10(a)).

Portions of the pultruded article can be selectively
strengthened by adding additional rovings to select holes in
the plurality of holes 302 and 352. By adding additional
roving to the proper holes (as determined by the final shape of
the pultruded article), a lightweight, yet durable member can
be produced.

In some embodiments, the rails comprise a non-uniform
distribution of rovings along the transverse cross section of
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the pultruded article. In some embodiments, the rails com-
prise a non-uniform distribution of rovings along the trans-
verse cross section of the pultruded article and a filler-free
resin system. In some embodiments, the rails comprise a
non-uniform distribution of rovings along the transverse
cross section of the pultruded article and a microsphere resin
system. In some embodiments, the rails comprise a non-
uniform distribution of rovings along the transverse cross
section of the pultruded article and a filler-free resin system
comprising microspheres.

In one embodiment, lightweight, yet high strength, fiber-
glass reinforced ladder rails were formed from a filler-free
resin system by increasing the relative number of rovings
within certain portions of the fiberglass reinforced member.
The ladder rails have a weight equivalent to, or less than, that
of equivalent aluminum ladders and less than that of equiva-
lent fiberglass reinforced ladders made by traditional pro-
cesses, yet satisfy structural performance for climbing prod-
ucts as measured by the American National Standards
Institute requirements for portable reinforced plastic ladders,
ANSI A14.5, incorporated by reference herein, and OSHA
testing and safety requirements. The ladder rails produced by
Applicant’s process weigh about 15% to about 30% less than
ladder rails of equivalent size and shape produced from con-
ventional pultrusion processes.

In certain embodiments, the average number of rovings fed
into each hole adjacent to dashed lines 304, 306, 354, and 356
is larger than the average number of rovings fed into each hole
between dashed lines 308 and 310. This strengthens the cor-
ner portion of the member and the sidewalls relative to the
center portion (as depicted in FIG. 10(a)).

In certain embodiments, the average number of rovings fed
into each hole to the left of dashed line 304 and 354 is larger
than the average number of rovings fed into each hole
between dashed lines 308/310 and dashed lines 354/356. In
certain embodiments, the average number of rovings fed into
each hole to the right of dashed line 306 and 356 is larger than
the average number of rovings fed into each hole between
dashed lines 308/310 and dashed lines 354/356. This
increases the relative strength of the sidewalls, as depicted by
portions 1002 and 1008 of FIG. 10(a).

In various embodiments of C-channel rails made from
Applicant’s process, the roving density is greater in the side-
walls of the pultruded article than in the center portion of the
pultruded article. Roving density can be represented as
“article roving density” or “guide plate roving density.”
Article roving density is defined as the ratio of the number of
rovings per given length along the cross section of the pul-
truded article. As such, the article roving density of the rail
sidewall is calculated by the number of rovings in the sidewall
over the length of the sidewall along its cross section. Simi-
larly, the article roving density of the center portion of the rail
is calculated by the number of rovings in the center portion
over the length of the center portion along its cross section. In
various embodiments, the article roving density inat least one
sidewall is at least about 20% greater than the article roving
density of the center portion. In various embodiments, the
article roving density in at least one sidewall is between about
20% and about 250% greater than the article roving density of
the center portion.

Guide plate roving density is defined as the ratio of the
number of rovings over the number of insertion points. An
insertion point would correspond to one of the holes 302/352.
For example, ifthe holes 302/352 to the left of dashed line 308
and dashed line 354 (10 holes in total, which together will
form part of one sidewall of the pultruded article) each had 2
rovings, the guide plate roving density would be 20/10=2.
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In various embodiments, the guide plate roving density in
at least one sidewall is at least 10% greater than the guide
plate roving density of the center portion. In various embodi-
ments, the guide plate roving density in at least one sidewall
is between about 10% to about 150% greater than the guide
plate roving density of the center portion.

Referring to FIG. 4(a), a drawing of an exemplary upper
guide plate 400, showing the number of rovings at each inser-
tion point (i.e., one of the plurality of holes 402), is depicted.
The guide plate 400 corresponds to the upper guide plate 256
in FIG. 2. A plurality of holes 402 are formed in the guide
plate 400. The number in each hole 402 indicates the number
of rovings inserted through that insertion point. Rovings
inserted through the holes in section 412 of the upper guide
plate 400 (to the left of dashed line 408) will form the corner
and sidewall portions of the pultruded article, as depicted by
portion 1010 and 1008 of FIG. 10(a). Rovings inserted
through the holes in section 414 of the upper guide plate 400
(between dashed line 408 and dashed line 410) will form the
center portion of the pultruded article, as depicted by portion
1004 in FIG. 10(a). Rovings inserted through the holes in
section 416 (to the right of dashed line 410) will form the
corner and sidewall portions of the pultruded article, as
depicted by portion 1006 and 1002 in FIG. 10(a).

Referring to FIG. 4(b), a drawing of an exemplary lower
guide plate 450, showing the number of rovings at each loca-
tion, is depicted. The lower guide plate 450 corresponds to the
lower guide plate 258 in FIG. 2. A plurality of holes 452 are
formed in the lower guide plate 450. In one embodiment, the
holes 452 are arranged in two horizontal rows. The number in
each hole 452 indicates the number of rovings inserted
through that insertion point.

Rovings inserted through the holes in section 462 of the
lower guide plate 450 (to the left of dashed line 458) will form
the corner and sidewall portions of the pultruded article, as
depicted by portion 1010 and 1008 in FIG. 10(a). Rovings
inserted through the holes in section 464 of the lower guide
plate (between dashed line 458 and dashed line 460) will form
the center portion of the pultruded article, as depicted by
portion 1004 in FIG. 10(a). Rovings inserted through the
holes in section 468 of the lower guide plate (to the right of
dashed line 460) will form the corner and sidewall portions of
the pultruded article, as depicted by portion 1006 and 1002 in
FIG. 10(a).

The rovings inserted through the upper guide plate 400 and
lower guide plate 450 will form different portions of the same
pultruded article. The rovings inserted through the upper
guide plate 400 will form part of the outer portion of the
pultruded article (i.e., the portion near the convex surface of
the C-channel member depicted in FIG. 10(a)). The rovings
inserted through the lower guide plate 450 will form part of
the interior portion of the pultruded article (i.e., the portion
near the concave surface of the C-channel member depicted
in FIG. 10(a)).

Sections 412 and 462 contain a total of 35 rovings in 11
holes (i.e., insertion points). As such, the guide plate roving
density for these sections is 35/11=3.18. Furthermore,
because the rovings in sections 412 and 462 will form part of
the left sidewall of the pultruded article, portion 1008 in FIG.
10(a), the guide plate roving density for the sidewall is there-
fore 3.18. Sections 416 and 468 is a mirror image of sections
412 and 462, therefore the right sidewall of the pultruded
article, portion 1002 in FIG. 10(a), has the same guide plate
roving density of 3.18.

Section 414 and 464 contain a total of 48 rovings in 25
holes. As such, the guide plate roving density for this section
is 48/25=1.92. Furthermore, because the rovings in sections
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414 and 464 will form part of the center portion of the pul-
truded article, portion 1004 in FIG. 10(a), the guide plate
roving density for the center portion of the pultruded article is
therefore 1.92.

A pultruded article produced using the guide plates 400
and 450, and associated roving counts, would therefore have
sidewalls and corners with a guide plate roving density 66%
greater than the guide plate roving density of the center por-
tion.

The total number of rovings in a pultruded article formed
using guide plates 400 and 450, with the configuration
depicted in FIGS. 4(a) and 4(b), is 118. In various embodi-
ments, using guide plates 400 and 450, or other guide plate
layouts, the total number of rovings in the final pultruded
article is between 20 and 200.

Referring to FIG. 5(a), a drawing of an exemplary upper
guide plate 500, showing the number of rovings at each inser-
tion point (i.e., hole 502 or 552), is depicted. The guide plate
500 corresponds to the upper guide plate 256 in FIG. 2. A
plurality of holes 502 are formed in the guide plate 500. The
number in each hole 502 indicates the number of rovings
inserted through that insertion point. Rovings inserted
through the holes in section 512 of the upper guide plate 500
(to the left of dashed line 508) will form the corner and
sidewall portions of the pultruded article, as depicted by
portion 1010 and 1008 of FIG. 10(a). Rovings inserted
through the holes in section 514 of the upper guide plate 500
(between dashed line 508 and dashed line 510) will form the
center portion of the pultruded article, as depicted by portion
1004 in FIG. 10(a). Rovings inserted through the holes in
section 516 (to the right of dashed line 510) will form the
corner and sidewall portions of the pultruded article, as
depicted by portion 1006 and 1002 in FIG. 10(a).

Referring to FIG. 5(b), a drawing of an exemplary lower
guide plate 550, showing the number of rovings at each loca-
tion, is depicted. The lower guide plate 550 corresponds to the
lower guide plate 258 in FIG. 2. A plurality of holes 552 are
formed in the lower guide plate 550. The number in each hole
552 indicates the number of rovings inserted through that
insertion point. In one embodiment, the holes 552 are
arranged in two horizontal rows.

Rovings inserted through the holes in section 562 of the
lower guide plate 550 (to the left of dashed line 558) will form
the corner and sidewall portions of the pultruded article, as
depicted by portion 1010 and 1008 in FIG. 10(a). Rovings
inserted through the holes in section 564 of the lower guide
plate (between dashed line 558 and dashed line 560) will form
the center portion of the pultruded article, as depicted by
portion 1004 in FIG. 10(a). Rovings inserted through the
holes in section 568 of the lower guide plate (to the right of
dashed line 560) will form the corner and sidewall portions of
the pultruded article, as depicted by portion 1006 and 1002 in
FIG. 10(a).

The rovings inserted through the upper guide plate 500 and
lower guide plate 550 will form different portions of the same
pultruded article. The rovings inserted through the upper
guide plate 500 will form part of the outer portion of the
pultruded article (i.e., the portion near the convex surface of
the C-channel member depicted in FIG. 10(a)). The rovings
inserted through the lower guide plate 550 will form part of
the interior portion of the pultruded article (i.e., the portion
near the concave surface of the C-channel member depicted
in FIG. 10(a)).

Sections 512 and 562 contain a total of 35 rovings in 11
holes (i.e., insertion points). As such, the guide plate roving
density for these sections is 35/11=3.18. Furthermore,
because the rovings in sections 512 and 562 will form part of
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the left sidewall of the pultruded article, portion 1008 in FIG.
10(a), the guide plate roving density for the sidewall is there-
fore 3.18. Sections 516 and 568 is a mirror image of sections
512 and 562, therefore the right sidewall of the pultruded
article, portion 1002 in FIG. 10(a), has the same guide plate
roving density of 3.18.

Section 514 and 564 contain a total of 40 rovings in 25
holes. As such, the guide plate roving density for this section
is 40/25=1.60. Furthermore, because the rovings in sections
514 and 564 will form part of the center portion of the pul-
truded article, portion 1004 in FIG. 10(a), the guide plate
roving density for the center portion of the pultruded article is
therefore 1.60.

A pultruded article produced using the guide plates 500
and 550, and associated roving counts, would therefore have
sidewalls and corners with a guide plate roving density 99%
greater than the guide plate roving density of the center por-
tion.

The total number of rovings in a pultruded article formed
using guide plates 500 and 550, with the configuration
depicted in FIGS. 5(a) and 5(b), is 110.

Referring to FIG. 6(a), a drawing of another exemplary
upper guide plate 600, showing the number of rovings at each
location, is depicted. The upper guide plate 600 corresponds
to the upper guide plate 256 in FIG. 2 and has the same layout
ot holes 602 as upper guide plate 500 of FIG. 5. In addition,
dashed lines 608 and 610 identify, in the same manner as
described in the description related to FIG. 5, the separation
between the roving sets that will form part of the sidewalls
and corners and part of the center portion.

Referring to FIG. 6(b), a drawing of an exemplary lower
guide plate 650, showing the number of rovings at each loca-
tion, is depicted. The lower guide plate 650 corresponds to the
lower guide plate 258 in FIG. 2 and has the same layout of
holes 602 as lower guide plate 550 of FIG. 5. In addition,
dashed lines 658 and 660 identify, in the same manner as
described in the description related to FIG. 5, the separation
between the roving sets that will form part of the sidewalls
and corners and part of the center portion.

Sections 612 and 662 contain a total of 27 rovings in 11
holes (i.e., insertion points). As such, the guide plate roving
density for these sections is 27/11=2.45. Furthermore,
because the rovings in sections 612 and 662 will form part of
the left sidewall of the pultruded article, portion 1008 in FIG.
10(a), the guide plate roving density for the sidewall is there-
fore 2.45. Sections 616 and 668 is a mirror image of sections
612 and 662, therefore the right sidewall of the pultruded
article, portion 1002 in FIG. 10(a), has the same guide plate
roving density of 2.45.

Section 614 and 664 contain a total of 40 rovings in 25
holes. As such, the guide plate roving density for this section
is 40/25=1.60. Furthermore, because the rovings in sections
614 and 664 will form part of the center portion of the pul-
truded article, portion 1004 in FIG. 10(a), the guide plate
roving density for the center portion of the pultruded article is
therefore 1.60.

A pultruded article produced using the guide plates 600
and 650, and associated roving counts, would therefore have
sidewalls with a guide plate roving density 53% greater than
the guide plate roving density of the center portion.

The total number of rovings in a pultruded article formed
using guide plates 600 and 650, with the configuration
depicted in FIGS. 6(a) and 6(b), is 94.

Referring to FIG. 7(a), a drawing of an exemplary upper
guide plate 700, showing the number of rovings at each loca-
tion, is depicted. The guide plate 700 corresponds to the upper
guide plate 256 in FIG. 2. A plurality of holes 702 are formed
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in the guide plate 700 in three staggered rows. Rovings
inserted through the holes in section 712 of the upper guide
plate 700 (to the left of dashed line 708) will form part of the
corner and sidewall portions of the pultruded article, as
depicted by portion 1010 and 1008 in FIG. 10(a). Rovings
inserted through the holes in section 714 of the upper guide
plate (between dashed line 708 and dashed line 710) will form
part of the center portion of the pultruded article, as depicted
by portion 1004 in FIG. 10(a). Rovings inserted through the
holes in section 716 (to the right of dashed line 710) will form
part of the corner and sidewall portions of the pultruded
article, as depicted by portion 1006 and 1002 in FIG. 10(a).

Referring to FIG. 7(b), a drawing of an exemplary lower
guide plate 750, showing the number of rovings at each loca-
tion, is depicted. The lower guide plate 750 corresponds to the
lower guide plate 258 in FIG. 2. A plurality of holes 752 are
formed in the lower guide plate 750. In one embodiment, the
holes 752 are arranged in three horizontal rows.

Rovings inserted through the holes in section 762 of the
lower guide plate 750 (to the left of dashed line 758) will form
part of the corner and sidewall portions of the pultruded
article, as depicted by portion 1010 and 1008 in FIG. 10(a).
Rovings inserted through the holes in section 764 of the lower
guide plate (between dashed line 758 and dashed line 760)
will form part of the center portion of the pultruded article, as
depicted by portion 1004 in FIG. 10(a). Rovings inserted
through the holes in section 766 (to the right of dashed line
760) will form the corner and sidewall portions of the pul-
truded article, as depicted by portion 1006 and 1002 in FIG.
10(a).

The rovings inserted through the upper guide plate 700 and
lower guide plate 750 will form different portions of the same
pultruded article. The rovings inserted through the upper
guide plate 700 will form part of the outer portion of the
pultruded article (i.e., the portion near the convex surface of
the C-channel member depicted in FIG. 10(a)). The rovings
inserted through the lower guide plate 750 will form part of
the interior portion of the pultruded article (i.e., the portion
near the concave surface of the C-channel member depicted
in FIG. 10(a)).

Sections 712 and 762 contain a total of 23 rovings in 14
holes (i.e., insertion points). As such, the guide plate roving
density for these sections is 23/14=1.64. Furthermore,
because the rovings in sections 712 and 762 will form part of
the left sidewall of the pultruded article, portion 1008 in FIG.
10(a), the guide plate roving density for the sidewall is there-
fore 1.64. Sections 716 and 768 is a mirror image of sections
712 and 762, therefore the right sidewall of the pultruded
article, portion 1002 in FIG. 10(a), has the same guide plate
roving density of 1.64.

Section 714 and 764 contain a total of 44 rovings in 34
holes. As such, the guide plate roving density for this section
is 44/34=1.29. Furthermore, because the rovings in sections
714 and 764 will form part of the center portion of the pul-
truded article, portion 1004 in FIG. 10(a), the guide plate
roving density for the center portion of the pultruded article is
therefore 1.29.

A pultruded article produced using the guide plates 700
and 750, and associated roving counts, would therefore have
sidewalls with a guide plate roving density 27% greater than
the guide plate roving density of the center portion.

The total number of rovings in a pultruded article formed
using guide plates 700 and 750, with the configuration
depicted in FIGS. 7(a) and 7(b), is 90.

Referring to FIG. 8(a), a drawing of another exemplary
upper guide plate 800, showing the number of rovings at each
location, is depicted. The upper guide plate 800 corresponds
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to the upper guide plate 256 in FIG. 2 and has the same basic
layout of holes 702 as upper guide plate 700 of F1G. 7, except
that the number of holes in each horizontal row is reduced. In
addition, dashed lines 808 and 810 identify, in the same
manner as described in the description related to FIG. 7, the
separation between the roving sets that will form part of the
sidewalls and part of the center portion.

Referring to FIG. 8(b), a drawing of an exemplary lower
guide plate 850, showing the number of rovings at each loca-
tion, is depicted. The lower guide plate 850 corresponds to the
lower guide plate 258 in FIG. 2 and has the same layout of
holes 802 as lower guide plate 750 of FIG. 7, except that the
number of holes in each horizontal row is reduced. In addi-
tion, dashed lines 858 and 860 identify, in the same manner as
described in the description related to FIG. 7, the separation
between the roving sets that will form part of the sidewalls
and part of the center portion.

Sections 812 and 862 contain a total of 17 rovings in 15
holes (i.e., insertion points). As such, the guide plate roving
density for these sections is 17/15=1.13. Furthermore,
because the rovings in sections 812 and 862 will form part of
the left sidewall of the pultruded article, portion 1008 in FIG.
10(a), the guide plate roving density for the sidewall is there-
fore 1.13. Sections 816 and 868 is a mirror image of sections
812 and 862, therefore the right sidewall of the pultruded
article, portion 1002 in FIG. 10(a), has the same guide plate
roving density of 1.13.

Section 814 and 864 contain a total of 16 rovings in 16
holes. As such, the guide plate roving density for this section
is 16/16=1.00. Furthermore, because the rovings in sections
814 and 864 will form part of the center portion of the pul-
truded article, portion 1004 in FIG. 10(a), the guide plate
roving density for the sidewall is therefore 1.00.

A pultruded article produced using the guide plates 800
and 850, and associated roving counts, would therefore have
sidewalls with a guide plate roving density 13% greater than
the guide plate roving density of the center portion.

The total number of rovings in a pultruded article formed
using guide plates 800 and 850, with the configuration
depicted in FIGS. 8(a) and 8(b), is 50.

Referring to FIG. 9, a diagram 900 depicts an arrangement
of resin-impregnated components 902-922 exiting the resin
bath through a pre-forming guide plate, as depicted by 268 of
FIG. 2, one embodiment of Applicant’s pultrusion process.
The pre-forming guide plate has openings corresponding to
each of the component segments 902-922.

To better illustrate the relative arrangement of the indi-
vidual components that make up the component stack 928
upon exiting the pre-forming guide plate 268, the individual
components have been spread out vertically in FIG. 9 so that
each individual component can be clearly depicted. The par-
ticular arrangement in diagram 900 is configured to produce
a C-channel member as depicted in FIG. 10(a).

A veil 922 forms the bottom of the component stack 928. In
various embodiments, the veil 922 is between about 2 inches
to about 8 inches wide. In one embodiment, the veil 922 is
about 5 inches wide.

A fiberglass mat 920 is disposed above the veil 922. In one
embodiment, the fiberglass mat 920 is between about 2 to
about 8 inches wide with a weight of about 0.75 to about 3.0
ounces per square foot. In one embodiment, the fiberglass mat
920 is about 5 inches wide with a weight of about 1 ounce per
square foot.

A roving layer 926 comprises three sets of rovings 914,
916, and 918. Rovings set 916 forms the center portion of the
member, as depicted by portion 1004 in FIG. 10(a). In one
embodiment, roving set 916 contains between 10 and 40
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individual rovings. Roving set 914 and roving set 918 form
the left and right sidewalk, respectively, of the member, as
depicted by portions 1008 and 1022 in FIG. 10(a). In various
embodiments, roving set 914 and 918 each contain between 6
and 30 individual rovings.

The roving sets 914, 916, and 918 correspond to holes
formed in a pre-forming guide plate and the lower guide plate.
More specifically, roving set 914 is made up of the rovings fed
into holes on the left side of the lower guide plate (i.e., to the
left of lines 354, 458, 558, 658, 758, 858 in FIGS. 3(5)-8(b)),
roving set 918 is made up of the rovings fed into holes on the
right side of the lower guide plate (i.e., to the right of lines
356, 460, 560, 660, 760, 860 in FIGS. 3(b)-8(5)), and roving
set 916 is made up of the rovings fed into holes in the center
of'the lower guide plate (i.e., between lines 354/356, 458/460,
558/560, 658/660, 758/760, 858/860 in FIGS. 3(5)-8(b)).

A fiberglass mat 912 is disposed above the roving set 916.
In one embodiment, the fiberglass mat 912 is between about
2 to about 8 inches wide with a weight of about 0.75 to about
3.0 ounces per square foot. In one embodiment, the fiberglass
mat 912 is about 5 inches wide with a weight of about 1 ounce
per square foot.

A second roving layer 924 comprises three sets of rovings
906, 908, and 910. Roving set 908 forms primarily the center
portion of the member, as depicted by portion 1004 in FIG.
10(a). In one embodiment, roving set 908 contains between
10 and 40 individual rovings. Roving set 906 and roving set
910 form primarily the left and right sidewalls, respectively,
of'the member, as depicted by portion 1008 and 1002 in FIG.
10(a). In one embodiment, roving set 906 and 910 each con-
tain between 6 and 30 individual rovings.

The roving sets 906, 908, and 910 correspond to holes
formed in a pre-forming guide plate and the upper guide plate.
More specifically, roving set 906 is made up of the rovings fed
into holes on the left side of the upper guide plate (i.e., to the
left of lines 308, 408, 508, 608, 708, 808 in FIGS. 3(a)-8(a)),
roving set 910 is made up of the rovings fed into holes on the
right side of the upper guide plate (i.e., to the right of lines
310,410,510,610,710, 810 in FIGS. 3(a)-8(a) and roving set
908 is made up ofthe rovings fed into holes in the center of the
upper guide plate (i.e., between lines 308/310, 408/410, 508/
510, 608/610, 708/710, 808/810 in FIGS. 3(a)-8(a)).

A third fiberglass mat 904 is disposed above roving set 924.
In one embodiment, the fiberglass mat 904 is about 2 to about
8 inches wide with a weight of about 0.75 to about 3.0 ounces
per square foot. In one embodiment, the fiberglass mat 904 is
about 5 inches wide with a weight of about 1 ounce per square
foot.

A second veil 902 is disposed above the fiberglass mat 904
and completes the stack 928. In various embodiments, the veil
902 is between about 2 inches to about 8 inches wide. In one
embodiment, the veil 902 is about 5 inches wide.

Referring to FIG. 10(a), a cross section 1000 of an exem-
plary pultruded article formed by Applicant’s process is
depicted. The cross section is across BB in FIG. 2. The pul-
truded article comprises a center portion 1004, two corner
portions 1006 and 1010, and two sidewalls 1002 and 1008.
The dashed lines indicate the boundary between the center
portion and the sidewall portions.

In one embodiment, the center portion 1004 of the rail
made by Applicant’s process has a length (measured along
the horizontal) of about 2.91 inches and the sidewall 1002 has
a length (measured along the vertical) of about 1.20 inches.
For different embodiments of a rail with these dimensions, the
article roving density (i.e., number of rovings per unit length
along the cross section) of at least one sidewall is greater than
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the article roving density of the center portion by 77%, 112%,
64%, 27%, and 158%, for the roving layout of FIGS. 4, 5, 6,
7, and 8, respectively.

In one embodiment, the center portion 1004 of the rail
made by Applicant’s process has a length (measured along
the horizontal) of about 2.915 inches and the sidewall 1002
has a length (measured along the vertical) of about 1.17
inches. For different embodiments of a rail with these dimen-
sions, the article roving density of at least one sidewall is
greater than the article roving density of the center portion by
82%, 118%, 68%, 30%, and 165%, for the roving layout of
FIGS. 4,5, 6,7, and 8, respectively.

In one embodiment, the center portion 1004 of the rail
made by Applicant’s process has a length (measured along
the horizontal) of about 2.91 inches and the sidewall 1002 has
a length (measured along the vertical) of about 1.005 inches.
For different embodiments of a rail with these dimensions, the
article roving density of at least one sidewall is greater than
the article roving density of the center portion by 111%,
153%, 95%, 51%, and 208%, for the roving layout of FIGS.
4,5, 6,7, and 8, respectively.

Referring to FIG. 10(b), a drawing of one embodiment of a
seven layer pultruded article 1050 across cross section AA of
FIG. 10(a) is depicted. The lower layer is formed from a veil
1064. A fiberglass mat 1062 is disposed adjacent to the veil
1064. A roving layer 1060 is disposed adjacent to the fiber-
glass mat 1062. A fiberglass mat 1058 is disposed adjacent to
the roving layer 1060. A roving layer 1056 is disposed adja-
cent to the fiberglass mat 1058. A fiberglass mat 1054 is
disposed adjacent to the roving layer 1056. A veil 1052 is
disposed adjacent to the fiberglass mat 1054.

The nine layer pultruded article 1050 is impregnated and
surrounded by a polymer matrix formed by polymerizing the
resin system. In different embodiments, the resin system is
filler-free or has a filler content below 10 weight percent. In
one embodiment, the resin system comprises up to 10 weight
percent microspheres. In one embodiment, a resin system
described in Table 2 above is used to form pultruded article
1050.

Referring to FIG. 10(c), a drawing of one embodiment of a
nine layer pultruded article 1076 across cross section AA of
FIG. 10(a) is depicted. The lower layer is formed from a veil
1096. A fiberglass mat 1094 is disposed adjacent to the veil
1096. A roving layer 1092 is disposed adjacent to the fiber-
glass mat 1094. A fiberglass mat 1090 is disposed adjacent to
the roving layer 1092. A roving layer 1088 is disposed adja-
cent to the fiberglass mat 1090. A fiberglass mat 1084 is
disposed adjacent to the roving layer 1088. A roving layer
1082 is disposed adjacent to the fiberglass mat 1084. A fiber-
glass mat 1080 is disposed adjacent to the roving layer 1082.
A veil 1078 is disposed adjacent to the fiberglass mat 1080.

The nine layer pultruded article 1076 is impregnated and
surrounded by a polymer matrix formed by polymerizing a
resin system. In different embodiments, the resin system is
filler-free or has a filler level below 10 weight percent. In one
embodiment, the resin system comprises up to 10 weight
percent microspheres. In one embodiment, a resin system
described in Table 2 above is used to form pultruded article
1076.

In one embodiment, the veils 1052 and 1064 are omitted
from article 1050, resulting in a pultruded article with 5
layers. In one embodiment, the veils 1078 and 1096 are omit-
ted from article 1076, resulting in a pultruded article with 7
layers.

In another embodiment, the fiberglass mat 1054 and roving
layer 1056 are omitted from article 1050, resulting in a pul-
truded article with 5 layers.

Referring to the foregoing paragraphs, this invention is
described in preferred embodiments in the following descrip-
tion with reference to the Figures, in which like numerals
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represent the same or similar elements. Reference throughout
this specification to “one embodiment,” “an embodiment,” or
similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment
is included in at least one embodiment of the present inven-
tion. Thus, appearances of the phrases “in one embodiment,”
“in an embodiment,” and similar language throughout this
specification may, but do not necessarily, all refer to the same
embodiment.

While the invention is described through the above-de-
scribed exemplary embodiments, it will be understood by
those of ordinary skill in the art that modifications to, and
variations of; the illustrated embodiments may be made with-
out departing from the inventive concepts disclosed herein.
For example, although some aspects of making and using a
lightweight fiberglass reinforced material and ladders incor-
porating a lightweight fiberglass reinforced material have
been described, those skilled in the art should readily appre-
ciate that functions, operations, decisions, etc., of all or a
portion of each step, or a combination of steps, of the series of
steps described may be combined, separated into separate
operations or performed in other orders. In addition, while the
embodiments described herein relate to pultruded articles
having a C-channel transverse cross section, those skilled in
the art would readily appreciate that the processes described
herein could readily be used to make lightweight articles
having transverse cross sections of other shapes. Moreover,
while the embodiments are described in connection with
heavy duty ladders, one skilled in the art will recognize that
Applicant’s lightweight fiberglass reinforced articles can be
produced using a variety of materials and can be used in a
variety of products, for example without limitation, other
types of ladders, including without limitation extension lad-
ders, step ladders, trestle systems, shelf ladders, platform
ladders, single ladders, combination ladders, tripod ladders,
non-extendible ladders, telescoping ladders, and sectional
ladders, as well as in components that are not related to, or
incorporated in, ladders. Furthermore, disclosed aspects, or
portions of these aspects, may be combined in ways not listed
above. Accordingly, the invention should not be viewed as
being limited to the disclosed embodiment(s).

What is claimed is:
1. A lightweight heavy-duty ladder, comprising:
at least one set of rails, wherein:
each said rail has a long-axis; and
for each said rail of the at least one set of rails, a trans-
verse cross-section of the rail comprises a center por-
tion, a left sidewall portion adjacent and substantially
perpendicular to the center portion, and a right side-
wall portion adjacent and substantially perpendicular
to the center portion;
a plurality of rovings wherein:
the rovings are embedded in and extend longitudinally
along the long-axis of a respective said rail in each of
the center portion, the left sidewall portion, and the
right sidewall portion;
an article roving density of the center portion is lower
than a corresponding said article roving density of at
least one of the right sidewall portion and the left
sidewall portion; and
the article roving density is a ratio of a number of said
rovings per transverse cross-sectional area of the
respective said portion;
and
a plurality of rungs disposed between each set of said rails
of the at least one set of rails.
2. The ladder of claim 1, wherein the at least one set of rails
comprise a polymerized filler-free resin.



US 9,168,701 B2

17

3. The ladder of claim 1, wherein the at least one set of rails
comprise a polymerized resin, wherein the polymerized resin
comprises less than 10 weight percent filler.

4. The ladder of claim 1, wherein the at least one set of rails
comprise a polymerized resin, wherein the polymerized resin
comprises microspheres.

5. The ladder of claim 4, wherein the polymerized resin
comprises up to 10 weight percent microspheres.

6. The ladder of claim 1, wherein the left sidewall portion
and the right sidewall portion each have an article roving
density at least 10% greater than that of the article roving
density of the center portion.

7. The ladder of claim 1, wherein the roving is unwoven
roving.

8. The ladder of claim 1, wherein the plurality of rovings
are non-uniformly distributed within the transverse cross-
section of each respective said rail.

9. The ladder of claim 1, wherein the roving comprises of
one or more unidirectional filaments that each extend longi-
tudinally along the long-axis of a respective said rail.

10. The ladder of claim 1, wherein the article roving den-
sity is highest at a region predicted to experience a high levels
of stress when the ladder is in use.

11. The ladder of claim 1, wherein at least part of a perim-
eter of the transverse cross-section has a concave shape.

#* #* #* #* #*
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